We report the results of magnetization, non-linear dc susceptibility, electrical transport, and For CeNiGe 2 , below ordering temperature Arrott plots suggest the presence of spin density wave (SDW). Third and fifth order dc susceptibility indicates magnetic instability which possibly leads to partial gap opening resulting in the observation of SDW. These observations are further investigated through resistivity and heat capacity measurements which also point toward partial gap opening in CeNiGe 2 . Interestingly, with the increase in Y-substitution, it is noted that the gap opening is suppressed and also shifted towards lower temperature. Moreover, our investigations reveal absence of non-Fermi liquid behavior or zero field quantum critical point even after 40% dilution of Ce-site.
Introduction
The hybridization between 4f and conducting electrons results in fascinating ground state due to the competition between inter-site Ruderman-Kittel-Kasuya-Yosida (RKKY), and intrasite Kondo interaction in Ce-based intermetallic compounds [1, 2] . In such systems, external parameters like magnetic field, external pressure and composition is used to tune the ground state, leading to intriguing phases, such magnetic instability, non-Fermi liquid behavior etc. [3] [4] [5] [6] [7] [8] . Also literature reports in some heavy fermion systems suggest the phenomenon of spin density wave (SDW) owing to the presence of a partially gapping of Fermi surface [9, 10] . The heavy fermion compound CeNiGe 2 has been investigated in the last decade due to the intriguing physics exhibited by this compound [11] [12] [13] [14] [15] . Recent results indicate that external pressure and high magnetic field are incapable of repressing the magnetic ordering, resulting in the absence of Quantum critical point (QCP) and the behavior of this compound is not in accordance to the Doniach model, which is widely used to classify heavy fermion compounds [16, 17] . Kim et al. reported that partial replacement of Ge by Si results in suppression of magnetic ordering and some signatures of Quantum critical point (QCP) is observed [18] . However to the best of our knowledge there is no literature reports about QCP or signature of non-fermi liquid behavior observed due to Ce-site dilution by a nonmagnetic ion in CeNiGe 2 compound. Also, the low temperature ground state of CeNiGe 2 which has received considerable attention in the past decade remains undetermined. In these heavy fermions systems an enhanced magnetic susceptibility is a natural outcome, providing the possibility of measureable large non-linear magnetic susceptibility, which is an important tool to probe exotic type of spin ordering which in turn is helpful in determining the ground state of a compound. compound is the same as used in Ref [17] . The characterization of compounds is done by x-ray diffraction (XRD) studies at room temperature which established single phase nature of these compounds (within the detection limit of the technique) (Fig. 1) . The XRD pattern is indexed to orthorhombic type CeNiSi 2 -type structure. It is also observed that with increase in Y-substitution peak intensity shift to higher angle (inset of Fig. 1 ), thereby establishing that the dopant go to respective site (the curve for Y-0.0 compound is added from ref [17] for comparison). We also performed the energy dispersive spectroscopy (EDAX) to get confirmation about the average atomic stoichiometry, which is found to be in accordance with the expected values. Temperature (T) dependent magnetization (M) are performed using Magnetic Property Measurement System (MPMS), while, temperature and magnetic field (H) dependent heat capacity (C) and resistivity (ρ) measurements are performed using Physical Property Measurement System (PPMS), both from Quantum design, USA. M, C and ρ measurements were carried out on pellets of specific shapes. [11, 12] .This transition temperature is shifted down to ~ 3 and 2.2 K for Y-0.1 compound. In Y-0.2 compound, a single peak is noted and the compound undergoes a transition at ~ 2 K. For the extreme composition i.e. Y-0.4 compound, the transition temperature is suppressed below 1.8 K (Fig. 2(b) ). The observation of decreasing transition temperature with increasing Y-concentration indicates that exchange interaction among spins suppress significantly, implying, Ce-site dilution effect. In all these compounds no bifurcation is observed between the magnetization curves obtained under zero field cooled and field cooled condition (not shown) which point to the fact that magnetocrystalline anisotropy plays an insignificant role in these polycrystalline compounds of the series Ce 1-x Y x NiGe 2 [19] . Inverse magnetic susceptibility of the Y-substituted compound is fitted with Curie Weiss law in the temperature range of 100 -300 K (Fig. 2(c) ), as below 100 K, a non-linear deviation is observed due to crystalline electric field (CEF) effect [11, 17] shows the existence of itinerant moment, which is found to be increase with Y-substitution.
Results and discussions
In order to further study the magnetic state of these compounds, Arrott plots are done. Fig. 3 (a, b, c, and d) shows M 2 versus H/M plots for all the compounds at different temperatures. For Y-0.0 compound, it is observed that the curves are linear at high field and it changes in the form of an arc with negative slope below 3.9 K (inset of Fig. 2 (a) ). According to the criteria suggested by Banerjee [23] , the negative and positive slope in Arrott plots indicate to the first and second order of transition respectively. Also for first order transition the value of the negative slope should increase with increasing temperature which is in contrast to that observed for Y-0.0 compound where the value of the negative slope decreases. Such opposite behavior has been studied by taking into account the asymmetry of the free energy density with respect to the magnetization and it was observed that a negative slope is possible at second order phase transition with the slope value decreasing with increasing temperature [24] . Also the first order [27, 30] . Fig. 5 (c) shows the temperature dependence of normalized electrical resistivity ρ(T)/ρ 50K at zero field for all compounds in the temperature range 1.8 to 30 K. For Y-0.0 compound a maxima in resistivity is seen to around 5 K and on decreasing temperature resistivity decreases followed by a slope change near 3.2 K (inset of figure 5 (c) ). Below 3.2 K, the resistivity was found to vary linearly. Hence the observed linear dependence in resistivity in this compound is ascribed to spin disorder which induces scattering of carriers [11, 12] . Also it is expected that presence of a gap results in carrier losses, hence resistivity is expected to increase.
However for Y-0.0 it was found the resistivity decreases as temperature is reduced below the gap. The observed decrease in resistivity is probably due to the reduction of the scattering rate which overcompensate the depletion of the carriers [31] . With Y-substitution the gap opening is suppressed below 1.8 K. Hence the decrease in resistivity with reduction in temperature is not observed in these compounds, and it is found that resistivity increases with Y-substitution, which might be due to increasing spin disorder and residual resistivity.
To give further indirect evidence about the partial gap opening, heat capacity of these compounds is measured. Fig. 6 (a) Fig 6 (b) shows the temperature response of 4f-electron contribution to heat capacity (C 4f ) obtained from Ref [17] . It is observed that behavior of C 4f varies exponentially below transition temperatures.
Hence we have a small temperature range to do the fitting for Y-0.0 compound and also for other Y-doped compounds. Therefore we analysed our data according to standard BCS expression (ΔC 4f /γT N = 1.43) where the formation of SDW associated with gap opening and is also consistent with a jump in heat capacity at transition temperatures [32, 33] . In Y-0.0, the jump in the C 4f is observed at transition temperature T I N and using relation:
(where C 4f (T I N ) is the heat capacity at T I N and C 4f (n) is heat capacity in the paramagnetic region), is found to be 2.43 J/mol-K 2 . The value of γ obtained from Kondo temperature (T K ) was 0.433 J/mol-K 2 [17] . The value of the factor ΔC 4f /γT N was found to be around 1.4, which is consistent with the value of standard BCS expression and SDW hypothesis. Similar type of analysis has been carried in other compounds which show SDW behavior [34, 35] . From this observation, we can say that SDW is associated with gap opening in Y-0.0 compound. Such observation of SDW is not uncommon and has been reported in other Ce-based polycrystalline compound [33] . It is also observed that with the increase in magnetic field this gap is suppressed, however, a new antiferromagnetic state is noted as is reported in Ref [17] .
We also studies the temperature dependence magnetic entropy (S 4f ), (calculated using the similar procedure as observed in Ref [17] ) as shown in Fig. 6 (b) . For Y-0.4 compound, we did not calculate S 4f , as the magnetic state for this compound gets suppressed below 1.8 K.
From the Fig Additionally, the temperature dependence of magnetic Gruneisen parameter (Γ mag ) at 0.1 T is studied. The Γ mag is the sensitive tool to estimate the degree of freedom of delocalized spins, and categorize quantum critical point (QCP) [36] . It is calculated using the equation [37] , 
